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(57) ABSTRACT 
A plurality of open-top sample tubes, each containing a 
simple liquid containing cells to be treated, are remov 
ably mounted on a disklike sample carrier which is 
rotatable about a vertical axis for centrifuging the sam 
ples. Disposed above the sample carrier are a set of 
fixed reagent supply nozzles for dropping a desired 
reagent or reagents into the sample tubes and at least 
one supply-discharge nozzle movable into and out of 
the successive sample tubes. A hydropneumatic circuit 
is coupled to the supply-discharge nozzle for intimately 
intermingling the samples and the reagents and for rins 
ing the supply-discharge nozzle and other required 
parts. In an alternate embodiment a single supply-dis 
charge nozzle is employed for reagent supply into the 
sample tubes, for intermingling the samples and the 
reagents, and for rinsing. 

5 Claims, 14 Drawing Sheets 
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APPARATUS FOR PRETREATING CELLS FOR 
FLOW CYTOMETRY 

BACKGROUND OF THE INVENTION 

This invention belongs to the realm of cytology or 
the study of cells and relates more specifically to an 
apparatus for the fully automatic and streamlined treat 
ment of cells preparatory to their flow cytometric or 
like cytological studies. Among such studies are the 
measurements of individual cell sizes and relative intra 
cellular amounts of deoxyribonucleic acid (DNA). 
Flow cytometry represents one of the essential tools 

employed in such fields as cytologic biology, cellular 
immunochemistry, and cytodiagnosis for cancer detec 
tion. Essentially, it aims at the classification of cells 
according to their sizes, types, contents of intracellular 
components, and like characteristics. Flow cytometry 
involves the pigmentation of cells with fluorescent 
dyes. The pigmented cells are caused to individually 
fluorescence under laser bean irradiation while flowing 
through slender tubing. The intensities of fluorescence 
of the individual cells are measured for the determina 
tion of their sizes, relative amounts of DNA, etc. 
One of the problems left unsolved in the art of flow 

cytometry is how to expedite the complete process of 
pretreating cells to be studied. Such pretreatment con 
sists of many steps to be followed strictly in a prescribed 
order. Among the steps are the introduction of reagents 
into cell samples within sample tubes, the centrifugal 
treatment of the sample-reagent mixtures, the removal 
of the unnecessary liquid tops from the sample tubes, 
the staining of the cells with a fluorescent dye, and the 
filtration of the samples. The actual process is much 
more complex. 

Conventionally, as far as we are aware, such cell 
pretreatment has been mostly performed manually at 
the cost of much time and labor. Manual pretreatment is 
also undesirable by reasons of unavoidable human er 
rors and the nonuniformity of operations from one indi 
vidual operator to another. The advent of an apparatus 
capable of full automation of cell pretreatment has thus 
been long awaited by the cytologists for the elimination 
of human toil and for gaining stability and constancy in 
the operations involved No such apparatus is known to 
us, however, because of the complexities of the pro 
cesses of cell pretreatment. 

SUMMARY OF THE INVENTION 

The present invention seeks to provide an apparatus 
capable of automatically performing the standard pro 
cesses of cell treatment preparatory to flow cytometry 
and like cytological studies in a streamlined manner. 

Stated in its simplest form, the cell treating apparatus 
according to the invention comprises a rotary sample 
carrier for carrying one or more sample containers, 
usually in the form of test tubes, for containing a sample 
liquid including cells to be treated. The sample carrier is 
rotatable about a vertical axis for centrifuging the sam 
ple liquid within the sample containers. Also included is 
nozzle means for introducing a reagent or reagents and 
a rinsing liquid into the sample containers on the sample 
carrier, and a temporary storage vessel capable of com 
munication with the nozzle means. Valve means is pro 
vided for controlling the communication of the nozzle 
means with the sample containers, a reagent container 
or containers, a rinsing liquid container, a pneumatic 
energy source means, and the temporary storage vessel 
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2 
in order to intimately intermingle the sample liquid and 
the reagent by causing the flow of the sample-reagent 
mixture back and forth between the sample container 
and the temporary storage vessel, and to rinse the noz 
zle means and the temporary storage vessel with the 
rinsing liquid Constant temperature means is also pro 
vided for controlling the temperature of the sample 
liquid within the sample containers on the sample car 
rier. 

In one preferred embodiment of this invention the 
nozzle means comprises a plurality of reagent supply 
nozzles for dropping a reagent or reagents into the 
respective sample containers on the sample carrier, and 
a supply-discharge nozzle movable into and out of the 
successive sample containers for introducing the rinsing 
liquid therein, and for withdrawing the rinsing liquid, 
and the sample-reagent mixture therefrom, under the 
force of the pneumatic energy. Alternatively, a plurality 
of supply-discharge nozzles, and as many temporary 
storage vessels, may be provided one for each sample 
container for simultaneously processing all the samples 
within the sample containers. 

In another preferred embodiment the nozzle means 
comprises only a supply-discharge nozzle in combina 
tion with a rotary selector valve in communication with 
both reagent containers and a rinsing liquid container. 
The supply-discharge nozzle is utilized for reagent sup 
ply into the successive sample tubes, for intermingling 
the samples and the reagents, and for rinsing. Here 
again a plurality of supply-discharge nozzles may be 
provided for the concurrent treatment of all the samples 
within the sample containers. 

Constructed as in the foregoing, the apparatus of this 
invention can automatically perform all the required 
steps of cell pretreatment in a prescribed sequence. 
Such automatic, streamlined cell pretreatment under 
unvarying conditions is believed to materially enhance 
the reliability of the subsequent cytodiagnosis and other 
examinations by flow cytometry. 
The above and other features and advantages of this 

invention and the manner of realizing them will become 
more apparent, and the invention itself will best be 
understood, from a study of the following description 
and appended claims, with reference had to the at 
tached drawings showing some preferred embodiments 
of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of the cell treating appa 
ratus embodying the principles of this invention; 

FIG. 2 is a diagrammatic side elevation of some in 
portant parts and components o the cell treating appara 
tus; 

FIG. 3 is a top plan of the rotary sample carrier of the 
cell treating apparatus, seen in the direction of the ar 
rows III in FIG. 2; 
FIG. 4 is a top plan of the reagent supply nozzles and 

the air-liquid supply-discharge nozzle of the cell treat 
ing apparatus, seen in the direction of the arrows IV in 
FIG. 2; 

FIG. 5 is a side elevation, partly shown in axial sec 
tion for clarity, of the supply-discharge nozzle shown in 
a preassigned lowermost position for full insertion in 
one of the sample tubes on the sample carrier; 
FIG. 6 is a view similar to FIG. 5 except that the 

supply-discharge nozzle is shown in a preassigned inter 
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mediate position for partial insertion in one of the sam 
ple tubes; 
FIG. 7 is also a view similar to FIG. 5 except that the 

supply-discharge nozzle is shown in a preassigned up 
permost position for withdrawal from the sample tube. 
FIG. 8 is a top plan of the constant temperature ves 

sels of the cell treating apparatus, seen in the direction 
of the arrows VIII in FIG. 2; 
FIGS. 9 through 13 is a series of diagrams showing 

the hydropneumatic circuit of the cell treating appara 
tus in various stages of cell treatment; 

FIG, 14 is a flowchart of a reagent introduction rou 
tine in the automatic operation of the cell treating appa 
ratus; 
FIG. 15 is a flowchart of an intermingling and rinsing 

routine in the automatic operation of the cell treating 
apparatus; 

FIG. 16 is a flowchart of a temperature control rou 
tine in the automatic operation of the cell treating appa 
ratus; 

FIG. 17 is a flowchart of a filtration and rinsing rou 
tine in the automatic operation of the cell treating appa 
ratus; 
FIGS. 18 through 22 are a series of diagrams showing 

an alternate hydropneumatic circuit of the cell treating 
apparatus in various stages of cell treatment; 
FIG. 23 is a diagram of another alternate hydropneu 

matic circuit according to this invention; and 
FIGS. 24 through 28 are diagrams similar to FIG. 23 

but showing the hydropneumatic circuit in various 
stages of cell treatment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The cell treating apparatus embodying the present 
invention is generally designated 10 in FIG. 1 and 
therein shown together with an electronic computer 
system 12 for fully automating its operation. The cell 
treating apparatus 10 includes a rotary sample carrier 14 
rotatably mounted in an upper section of the apparatus. 
The rotary sample carrier 14 peripherally carries one-or 
more open-top sample containers 16 in which are to be 
received liquid samples including cells to be processed. 
The sample containers 16 are shown as test tubes. 

Disposed in a lower section of the apparatus 10 and 
on one side thereof are reagentracks 18 for holding a set 
of reagent bottles or containers 20. On the other side 
there is formed a chamber 22 for accommodating a 
rinsing liquid reservoir 24 and a waste liquid reservoir 
26. Both reservoirs 24 and 26 are shown as bottles, A 
temperature control panel 28 is provided in the middle 
of the lower section. 
As shown in greater detail in FIGS. 2 and 3, the 

rotary sample carrier 14 takes the form of a disk in this 
particular embodiment. The disk is mounted on an up 
standing drive spindle 30 for joint rotation therewith. A 
sample rack 32 for removably holding the open-top 
sample containers or tubes 16 in a row is swingably 
mounted to the sample carrier 14 so as to extend along 
part of its periphery. Arcuate in shape as seen in a plan 
view as in FIG. 3, the sample rack 32 has a row of holes 
33 formed therethrough in arcuate arrangement for 
receiving the sample tubes 16. The sample rack 32 is 
received with clearances in a peripheral recess34 in the 
sample carrier 14 and has its opposite extremities cou 
pled to the sample carrier via a pair of trunnions 36 for 
swinging movement about the same. 
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4. 
FIG. 2 shows two electric drive motors 38 and 40 to 

be selectively coupled as via an electromagnetic clutch, 
not shown, to the drive spindle 30. The first drive motor 
38 is for driving the sample carrier 14 at sufficiently 
high speed for centrifugal treatment of the samples 
within the sample tubes 16. The second drive motor 40 
is for driving the sample carrier 14 at lower speed for 
positioning purposes. Therefore, hereinafter in this 
specification, the first drive motor 38 will be referred to 
as the centrifuge motor, and the second drive motor 40 
as the positioning motor, by way of contradistinction 
from each other. 
Seen at 42 in FIG. 3 is an opening formed through the 

sample carrier 14 in a prescribed angular position adja 
cent the disk periphery for a purpose yet to be de 
scribed. This opening would be unnecessary, however, 
if the sample carrier were shaped as indicated by the 
broken lines in FIG. 3. 
As has been mentioned with reference to FIG. 3, the 

sample rack 32 is swingably mounted to the sample 
carrier 14 via the trunnions 36. The sample tubes 16 are 
held in an upstanding attitude when the sample carrier 
14 is at rest. When the sample carrier 14 is driven at high 
speed by the centrifuge motor 38, on the other hand, the 
lower parts of the sample tubes 16 will be centrifugally 
flung radially outwardly of the sample carrier, so that 
the sample liquid will not spill over the sample tubes. A 
counterweight 44 may be attached as required to the 
sample carrier 14 in a position diametrically opposite to 
the sample rack 32 in order to prevent the possible 
wobbling of the sample carrier during high speed rota 
tion. 
Both FIGS. 2 and 4 indicate a plurality of reagent 

supply nozzles 46 and a single air-liquid supply-dis 
charge nozzle 48, both disposed over the circular path 
of the sample tubes 16 on the sample rack 32. The rea 
gent supply nozzles 46 are for dropping a reagent or 
reagents into the sample tubes 16. Preferably, there may 
be provided as many reagent supply nozzles 46 as the 
expected maximum number of different kinds of rea 
gents to be employed in various cell pretreatment pro 
cesses. However, in the simplest form of cell treating 
apparatus according to this invention, only one reagent 
supply nozzle may be provided for dropping a reagent 
or reagents into one or more sample tubes on the sample 
rack 32. 
As illustrated on an enlarged scale in FIGS. 5-7, the 

air-liquid supply-discharge nozzle 48 is intended for the 
delivery and discharge of both air under pressure and 
liquid into and from the sample tubes 16. A suitable 
linear drive means such as that comprising a worn-and 
nut assembly or a linear actuator, not shown, is coupled 
to the air-liquid supply-discharge nozzle 48. Driven by 
any such means, the supply-discharge nozzle 48 is to be 
selectively moved to any of a lowermost position Z2, 
FIG. 5, an intermediate position Z1, FIG. 6, and an 
uppermost position Zo, FIG. 7. The supply-discharge 
nozzle 48 is fully received in one of the sample tubes 16 
when in the lowermost position Z2, partly received 
therein when in the intermediate position Zi, and fully 
withdrawn therefrom when in the uppermost position 
Zo. 

FIG. 5 clearly reveals an air passageway 50 and a 
liquid passageway 52 extending coaxially through the 
supply-discharge nozzle 48. A flange 54 on the nozzle 
48 functions as a cap for hermetically closing the open 
top of any selected one of the sample tubes 16 when the 
nozzle is in the lowermost position Z2 as in FIG. 5. 
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As will be understood from both FIGS. 2 and 8, three 
constant temperature vessels 56, 58 and 60 are provided 
in a row under the rotary sample carrier 14 and along 
the circular path of the sample tubes 16 being carried 
thereby. Typically, each constant temperature vessel 
takes the form of a block of aluminum with a row of 
holes 62 defined vertically downwardly from its top. 
The row of holes 62 are arranged arcuately about the 
axis of the sample carrier 14 and at the same pitch as the 
row of holes 33, FIG. 3, in the sample rack 32. The 
constant temperature vessels 56, 58 and 60 are movable 
up and down with respect to the sample carrier 14. 

Normally, the three constant temperature vessels 56, 
58 and 60 are held lowered in the position of FIG. 2. 
The sample tubes 16 on the sample rack 32 can be 
brought into vertical register with the set of holes 62 in 
any of the three constant temperature vessels 56-60 
with the rotation of the sample carrier 14. Then the 
desired vessel may be raised for receiving lower parts of 
the sample tubes 16 in its holes 62. 

In practice, the three constant temperature vessels 56, 
58 and 60 may be held at constant temperature of, for 
example, 4', 40' and 30 C, respectively. The tempera 
tures of the aluminum blocks constituting the constant 
temperature vessels may be maintained at these values 
thermostatically. Also, as required, suitable air passage 
ways may be cut in the sample rack 32, and air of de 
sired temperatures may be applied through such pas 
sageways to the sample tubes 16 for more efficiently 
heating or cooling the reagents or other substances 
contained therein. 

FIGS. 9 through 13 diagrammatically illustrate, in 
various stages of operation, a hydropneumatic circuit 63 
for use as in intermingling the samples and reagents and 
in rinsing, the sample tubes 16 and other parts. It will be 
noted that the circuit includes the air-liquid supply-dis 
charge nozzle 48 which is shown in FIGS. 9-12 fully 
inserted in one of the sample tubes 16. The air passage 
way 50 in the supply-discharge nozzle 48 is to be placed 
in and out of communication with a source 64 of air 
under pressure and with atmosphere (FIGS. 10 and 11) 
by a three-way directional-control valve 66. The liquid 
passageway 52 in the supply-discharge nozzle 48 is to be 
placed in and out of communication with one of the two 
inlet-outlet ports of a temporary storage vessel 68 by 
another three-way valve 70. 
The other inlet-outlet port of the temporary storage 

vessel 68 is to be placed in and out of selective commu 
- nication with either the waste liquid reservoir 26 (FIG. 

9), the pressurized air source 64 (FIG. 10), or the rinsing 
liquid reservoir 24 (FIG. 13) by three additional three 
way valves 72, 74 and 78 and an on-off valve 76. A 
bypass conduit 80 extends between the valves 70 and 72, 
bypassing the temporary storage vessel 68. An addi 
tional conduit is provided at 82 for directly communi 
cating the pressurized air source 64 with the headspace 
within the rinsing liquid reservoir 24 (FIGS. 11 and 13). 

Operation 
The operation of the apparatus 10 will now be de 

scribed in terms of how cells are processed preparatory 
to flow cytometry. Liquid samples containing the cells 
to be pretreated are charged into the sample tubes 16. 
These tubes may then be inserted in the holes 33 in the 
sample rack 32 on the sample carrier 14. 
A primary step in cell pretreatment is the introduc 

tion of a fluorescent dye or like reagent into the sample 
tubes 16. FIG. 14 gives a flowchart of this reagent intro 
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6 
duction routine. First, the sample carrier 14 is revolved 
by the positioning motor 40 to bring the sample tubes 16 
into alignment with the reagent supply nozzles 46. Then 
a fluorescent dye or the like is dropped from these noz 
zles into the sample tubes 16. 
The next step is the intimate intermingling of the 

samples and the reagent, followed by the rinsing of the 
sample tubes 16 and other required parts of the hydro 
pneumatic circuit 63, through the procedure flow 
charted in FIG. 15. One of the sample tubes 16 on the 
sample carrier 14, containing both the sample liquid and 
the reagent, may first be brought into vertical alignment 
with the air-liquid supply-discharge nozzle 48 by re 
volving the sample carrier with the positioning motor 
40. Then the supply-discharge nozzle 48 may be low 
ered to the lowermost position Z2. As will be seen by 
referring again to FIG. 5, the supply-discharge nozzle 
48 when in this lowermost position Z2 is fully received 
in one of the sample tubes 16, hermetically closing that 
sample tube with the nozzle flange 54. 
Then, as shown in the diagram of FIG. 9, air under 

pressure is directed from the source 64 into the sample 
tube 16 through the valve 66 and the air passageway 50 
in the supply-discharge nozzle 48. Since the sample tube 
16 is now hermetically closed as aforesaid, the sample 
reagent mixture will be pneumatically forced out there 
from into the temporary storage vessel 68 via the valve 
70. The valve 66 is closed immediately upon completion 
of delivery of the sample-reagent mixture from sample 
tube 16 to storage vessel 68. It is recommended that a 
suitable sensor, not shown, be provided for sensing such 
full delivery of the mixture from sample tube 16 to 
storage vessel 68. 
Then pressurized air is directed from the source 64 

into the storage vessel 68 through the valves 76, 78, 74 
and 72, as illustrated in FIG. 10. It is understood that the 
valve 70 holds the storage vessel 68 in communication 
with the sample tube 16, and the valve 66 holds the 
sample tube in communication with atmosphere, during 
such air delivery into the storage vessel 68. Accord 
ingly, the sample-reagent mixture will return from stor 
age vessel 68 into sample tube 16. Such flow of the 
sample-reagent mixture back and forth between sample 
tube 16 and storage vessel 68 may be repeated a re 
quired number of times for fully intermingling the sam 
ple and the reagent. 
Some cell pretreatment methods require the mechani 

cal agitation of the sample-reagent mixture within each 
sample tube. To this end a set of agitator rods, each 
shaped like a poppet valve, may be provided above the 
sample carrier 14 for up and down movement into and 
out of the sample tubes. 

Following the completion of the full intermingling of 
the sample and the reagent, the supply-discharge nozzle 
48, storage vessel 68 and any other part of the hydro 
pneumatic circuit 63 that has been exposed to the sam 
ple and the reagent during their intermingling must be 
rinsed preparatory to the next step of sample treatment. 

Let us assume that the sample-reagent mixture is now 
contained in the storage vessel 68 as in FIG. 9. Then all 
the valves 66, 70, 72, 74, 76 and 78 of the hydropneu 
matic circuit 63 will be actuated to the positions de 
picted in FIG. 11. Then air under pressure will be fed 
from the source 64 into the rinsing liquid reservoir 24 
through the conduit 82. Since this reservoir 24 is as 
sumed to be closed hermetically, the rinsing liquid will 
be pneumatically forced out therefrom into the empty 
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sample tube 16 through the bypass conduit 80 around 
the storage vessel 68. 
Then all the valves of the hydropneumatic circuit 63 

will be actuated to the positions of FIG. 12. Then air 
under pressure will be charged into the sample tube 16 
through the valve 66. The rinsing liquid that has been 
filled in the sample tube 16 will then be discharged 
therefrom and made to flow into the waste liquid reser 
voir 26 through the bypass conduit 80. 
With the rinsing of the supply-discharge nozzle 48 

completed as above, the valves are actuated to the posi 
tions of FIG. 10. Then air under pressure will be fed 
from the source 64 into the storage vessel 68 through 
the valves 76, 78, 74 and 72. The sample-reagent mix 
ture will then be forced back into the sample tube 16. 
Then the supply-discharge nozzle 48 is raised to the 

uppermost position Zo, FIG. 7, in which the nozzle is 
fully withdrawn from the sample tube 16. Then the 
positioning motor 40 is energized to revolve the sample 
carrier 14 back to the initial position where the hole 42, 
FIG. 3, in the sample carrier is in vertical alignment 
with a discharge port 84, FIG. 8, disposed under the 
supply-discharge nozzle 48. As illustrated in FIG. 13, 
the discharge port 84 communicates with the waste 
liquid reservoir 26 via a conduit or other passageway 
86. Then the supply-discharge nozzle 48 is lowered to 
the intermediate position Z, FIG. 6, in which the nozzle 
communicates directly with the discharge port 84. 
Then all the valves of the hydropneumatic circuit are 

actuated to the positions of FIG. 13. Then air under 
pressure is introduced from the source 64 into the rins 
ing liquid reservoir 24 via the conduit 82. Driven by the 
pressurized air, the rinsing liquid will flow from the 
reservoir 24 into the storage vessel 68 via the valves 78, 
74 and 72 and thence into the waste liquid reservoir 26 
via the valve 70, supply-discharge nozzle 48 and pas 
sageway 86. 
Then the supply-discharge nozzle 48 is raised from 

intermediate position Z1, FIG. 6, to uppermost position 
Z0, FIG. 7, in which latter position the nozzle is fully 
withdrawn from the hole 42 in the sample carrier 14. 
Now have been completed the intermingling of the 
samples and the reagent within the sample tubes 16 and 
the subsequent rinsing of the necessary parts of the 
hydropneumatic circuit 63 in accordance with the flow 
chart of FIG. 15. 
The next step is the centrifugal treatment of the sam 

ples within the sample tubes 16. To this end the drive 
spindle 30 of the sample carrier 14 is coupled to the 
centrifuge motor 38 via the unshown clutch. Then the 
centrifuge motor 38 is energized to revolve the sample 
carrier 14 at sufficiently high speed for the desired cen 
trifugal treatment of the samples within the sample 
tubes 16. Then the supply-discharge nozzle 48 is in 
serted in the successive sample tubes 16 for withdraw 
ing and discharging unnecessary liquid tops of their 
contents. 
The next step is the heat treatment of the samples. 

The flowchart of FIG. 16 may be followed for such 
heat treatment. 
Then the samples are put to the filtration routine 

flowcharted in FIG. 17. The filtration routine is in 
tended for the removal of any foreign matter or impuri 
ties that may be contained in the samples, including 
tissues or coherent aggregates of cells that are not fit for 
flow cytometry. 
The filtration routine involves, first of all, the transfer 

of the sample from each sample tube 16 to the storage 
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8 
vessel 68 via a sample filter, not shown in this embodi 
ment, provided between supply-discharge nozzle 48 
and valve 70. The various valves of the hydropneumatic 
circuit is set in the positions of FIG. 9 for such sample 
transfer and consequent filtration. Then, with the valves 
actuated to the positions of FIG. 11, the rinsing liquid is 
pneumatically forced from the reservoir 24 into the 
sample tube 16 thereby washing the unshown sample 
filter free of the solids that have been removed from the 
sample liquid. Then the valves are actuated to the posi 
tions of FIG. 12, and the rinsing liquid containing the 
solids is pneumatically withdrawn from the sample tube 
16 and discharged into the waste reservoir 26. Then the 
valves are actuated to the positions of FIG. 10, and the 
sample liquid is pneumatically returned to the sample 
tube 16. 
The filtration of the sample liquid has now been com 

pleted. Subsequently, the supply-discharge nozzle 48 
and storage vessel 68 are rinsed with the liquid from the 
reservoir 24. These parts can be rinsed in the same man 
ner as after the intermingling of the sample liquid and 
the reagent, as will be understood from the flowchart of 
FIG. 17 taken together with FIG. 13. 
The above described process of cell pretreatment is 

to be performed for each of the sample tubes 16 on the 
sample carrier 14. Toward this end the sample carrier 
14 is indexed by the positioning motor 40 to bring the 
successive sample tubes 16 into register with the supply 
discharge nozzle 48. The sample tubes containing the 
pretreated samples are unloaded from the apparatus 10 
and transferred to separate equipment for flow cytome 
try. 
As has been mentioned, only one reagent supply noz 

zle may be provided for dropping a reagent into one or 
more sample tubes 16 on the sample carrier 14. How 
ever, in cases where two or more sample tubes are 
loaded on the sample carrier 14, the dropping of a rea 
gent into the successive sample tubes from the same 
supply nozzle may be undesirable because of the differ 
ences in reaction time among the samples. A plurality of 
reagent supply nozzles may therefore be provided as in 
the apparatus 10 disclosed above. Any desired reagent 
may be introduced simultaneously from such supply 
nozzles into all the same tubes on the same carrier 14 if 
the reaction time is desired to be the same for all the 
samples. 

Similarly, there may be provided as many supply-dis 
charge nozzles 48, and as many storage vessels 68 capa 
ble of communication with each such nozzle, as there 
are sample tubes 16 to be processed simultaneously. All 
the samples within the sample tubes 16 will then be 
treated concurrently, instead of one after another as in 
the foregoing description of operation. 
Some reagents for use in cell pretreatment demand 

storage at temperatures as low as, say, 4 C. Unduly 
long reaction time would be required if the reagents that 
had been kept in storage at such low temperatures were 
introduced directly into the sample tubes. It is therefore 
suggested that additional temporary storage vessels or 
reservoirs, not shown, be provided between the low 
temperature storage vessels of the reagents and the 
reagent supply nozzles 46. The capacities of the tempo 
rary storage vessels should be just about sufficient to 
hold only the amounts of the reagents to be subse 
quently charged into the sample tubes. The reagents 
will warm up approximately to room temperature while 
being kept in such temporary storage vessels. 
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Second Embodiment 

FIGS. 18 through 22 show an alternate hydropneu 
matic circuit 163 to be employed with the cell treating 
apparatus 10 of FIGS. 1 and 2 in place of the circuit 63 
of FIGS. 9 through 13. The alternate hydropneumatic 
circuit 163 features a pressurized air source 164a and a 
Vacuum source 164b which in combination serves the 
functions of the pressurized air source 64 of the circuit 
63. In practice, however, the pressurized air source 
164a and vacuum source 164b may be combined into the 
form of a single air compressor, with the required con 
duits of the circuit 163 coupled to the outlet port and 
inlet port of the compressor as shown. 

10 

The vacuum source 164b communicates with one of 15 
the two ports of the temporary storage vessel 168 via 
three-way valves 190 and 192. The other port of the 
storage vessel 168 communicates with the supply-dis 
charge nozzle 48 via a serial connection of another 
three-way valve 194 and a sample filter 196. A bypass 
conduit 180 extends between the two three-way valves 
192 and 194 around the storage vessel 168. The vacuum 
source 164b also communicates directly with the waste 
reservoir 26 by way of a conduit 198. Additionally, the 
waste reservoir 26 communicates with a three-way 
valve 200. This valve 200 further communicates with 
the valve 190 on one hand and, on the other hand, with 
the pressurized air source 164a via an on-off valve 202 
and also with the rinsing liquid reservoir 24 via another 
on-off valve 204. 

Besides communicating with the on-off valve 202, the 
pressurized air source 164a communicates directly with 
the headspace within the rinsing liquid reservoir 24 by 
way of a conduit 206 and also with the headspace 
within each reagent bottle 20 by way of a conduit 208. 
The reagent bottles 20 communicate with the reagent 
supply nozzles 46 via on-off valves 210. 

Operation of Second Embodiment 
FIG. 18 shows the hydropneumatic circuit 163 condi 

tioned for reagent supply into the sample tubes 16, FIG. 
2, via the supply nozzles 46. The pressurized air source 
164a is set into operation for pneumatically forcing the 
desired reagent into each sample tube via the on-off 
valve 210. The on-off valves 202 and 204 are closed 
during such reagent supply. 

In FIG. 19 is shown how the samples and the reagent 
are subsequently intermingled by the hydropneumatic 
circuit 163. The vacuum source 164b is first set into 
operation for pneumatically drawing the sample-rea 
gent mixture out of the sample tube 16 into the storage 
vessel 168, as indicated by the thick, solid line in FIG. 
19. Then, with the three-way valve 190 positioned to 
communicate the pressurized air source 164a with the 
storage vessel 168, the pressurized air source is operated 
to force the sample-reagent mixture out of the storage 
vessel back into the sample tube, as indicated by the 
thick, broken line in FIG. 19. Such transfer of the sam 
pie-reagent mixture back and forth between sample tube 
and storage vessel may be repeated a required number 
of times for fully intermingling the sample and the rea 
gent 

All the valves of the hydropneumatic circuit 163 are 
positioned as shown in FIG. 20 for discharging the 
unnecessary liquid top of the sample-reagent mixture 
from the sample tube following its centrifugal treatment 
which has been explained with reference to FIG, 2. The 
liquid tops will be withdrawn by suction from the sam 
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10 
ple tube and discharged into the waste reservoir 26 by 
flowing through the bypass conduit 180 around the 
storage vessel 168, as the vacuum source 164b is oper 
ated. 

For rinsing, the pressurized air source 164a is oper 
ated after conditioning the hydropneumatic circuit 163 
as shown in FIG. 21. Forced out of the reservoir 24, the 
rinsing liquid will flow through the bypass conduit 180 
and supply-discharge nozzle 48 and will be discharged 
through the discharge port 84 shown in FIG. 8. 

Preferably, at the same time with such rinsing of the 
inside of the supply-discharge nozzle 48, a rinsing liquid 
is sprayed on its outside, too, by means not shown in the 
drawings. The rinsing liquid so sprayed is collected by 
a tray or pan, not shown, and directed by suitable pip 
ing, also not shown, into the waste reservoir 26. 

For sample filtration the hydropneumatic circuit 163 
is conditioned as indicated by the thick, broken line in 
FIG.22. The sample will be transferred by suction from 
sample tube 16 to storage vessel 168 as the vacuum 
pump 33 is operated. Flowing through the filter 196, the 
sample will be freed from undesired solids that may 
have been contained therein. 
Then, after revolving the sample carrier 14 with the 

positioning motor 40 through an angle required to bring 
the hole 42 into alignment with the discharge port 84, 
FIG. 8, the valves of the hydropneumatic circuit 163 
are positioned as indicated by the thick, solid lines in 
FIG. 22. Then the pressurized air source 164a is oper 
ated to cause the rinsing liquid to flow from its reservoir 
24 into the discharge port 84 through the bypass con 
duit 180 and sample filter 196. So backwashed, the sam 
ple filter 196 will be cleaned free of the solids that have 
been collected from the sample. Then the sample carrier 
14 is revolved again to move the required sample tube 
back into alignment with the supply-discharge nozzle 
48. Then the required valves of the hydropneumatic 
circuit 163 is actuated again to return the filtered sample 
from storage vessel 168 into sample tube 16 under the 
force of the pressurized air from the source 164a. 

Third Embodiment 

FIG. 23 shows another alternate hydropneumatic 
circuit 363 which dispenses with the reagent supply 
nozzles of the foregoing embodiments. This second 
alternate hydropneumatic circuit 363 also employs a 
pressurized air source 364a and a vacuum source 364b. 
However, in this circuit 363, the output pressure of the 
pressurized air source 364a should be significantly more 
in absolute value than that of the vacuum source 364b. 
Typically, the output pressure of the pressurized air 
source 364a may be +380 millimeters of mercury 
(mmHg), and the negative pressure developed by the 
vacuum source 364b may be approximately -200 
mmHg. 
As has been mentioned in connection with the hydro 

pneumatic circuit 163 of FIGS. 18 through 22, the pres 
surized air source 364a and vacuum source 364b may be 
combined into a single air compressor, with the re 
quired conduits of the circuit 363 coupled to the outlet 
port and inlet port of the compressor as shown. Also, in 
this case, pressure regulator valves should be provided 
as at 400 and 402 in order to make the positive output 
pressure of the compressor significantly more than the 
absolute value of the negative pressure drawn by the 
compressor. 
The temporary storage vessel 368 of this hydropneu 

matic circuit 363 is shown as a pipe of relatively small 
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diameter, but with a length such that the resulting pipe 
capacity is enough to accommodate the complete sam 
ple liquid within each sample tube 16. The storage ves 
sel 368 has one of its two inlet-outlet ports in communi 
cation with the supply-discharge nozzle 48 via a three 
way valve 394 and a sample filter 396a of relatively 
coarse mesh. The other inlet-outlet port of the storage 
vessel 368 communicates with the vacuum source 364b 
via a serial connection of another sample filter 396b of 
relatively fine mesh, two three-way valves 390 and 392, 
and the pressure regulator valve 402. The coarse mesh 
sample filter 396a should be capable of arresting solids 
of, say, 40 micrometers and more, and the fine mesh 
sample filter 396b those of, say, one micrometer and 
more. A bypass conduit 380 extends between the three 
way valves 394 and 392, bypassing the storage vessel 
368 and fine mesh sample filter 396b. 
A conduit 404 extending between the three-way 

valves 390 and 392 also communicates with the hermeti 
cally closed waste reservoir 26 via an on-off valve 406. 
Another conduit 408 communicates with of the waste 
reservoir 26 with the vacuum source 364b via the pres 
sure regulator valve 402. 
The three-way valve 390 also communicates with the 

pressurized air source 364a via an on-off valve 410 and 
the pressure regulator valve 400. A conduit 412 commu 
nicates the headspaces of all the reagent bottles or con 
tainers 20, one seen in FIG. 23, with the pressurized air 
source 364a the pressure regulator valve 400. 
A rotary selector valve is provided at 414 for selec 

tive delivery of different reagents, as well as a rinsing 
liquid, from their containers 20 to the supply-discharge 
nozzle 48. The rotary selector valve 414 communicates 
separately with all the reagent and rinsing liquid con 
tainers 20 and, via an on-off valve 416, with the conduit 
418 extending between three-way valve 390 and on-off 
valve 410. 

Operation of Third Embodiment 
FIG. 24 is explanatory of how a reagent is introduced 

from any selected reagent container 20 into any selected 
sample tube 16 in the hydropneumatic circuit 363 of the 
foregoing construction. The on-off valve 410 is closed. 
Therefore, with the operation of the pressurized air 
source 364a, air will be forced into all the reagent con 
tainers 20, driving out the reagents therefrom. How 
ever, only the reagent from the selected reagent con 
tainer will pass through the rotary selector valve 414 
The selected reagent will drop into the sample tube 16 
after flowing through the on-off valve 416, three-way 
valves 390 and 392, fine mesh sample filter 396b, tempo 
rary storage vessel 368, three-way valve 394, and coarse 
mesh sample filter 396a. The reagent introduction into 
the sample tube is discontinued by closing the on-off 
valve 416. 
Then, for intermingling the sample and the reagent, 

the supply-discharge nozzle 48 is inserted fully in the 
sample tube 16, to the lowermost position Z2 of FIG. 5. 
Then the hydropneumatic circuit 363 is conditioned to 
cause fluid flow along the path indicated by the thick, 
solid line in FIG. 25. Then the vacuum source 364b is 
set into operation. 
Thereupon the sample-reagent mixture will be drawn 

by suction from sample tube 16 into temporary storage 
vessel 368 via the supply-discharge nozzle 48, coarse 
mesh sample filter 396a and three-way valve 394. The 
vacuum source 364b is set out of operation upon lapse of 
a prescribed time, at the end of which the sample-rea 
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12 
gent mixture has been transferred to the temporary 
storage vessel 368 either wholly or in part. Then, with 
the three-way valve 390 actuated to place the storage 
vessel 368 in communication with the pressurized air 
source 364a via the on-off valve 410, the pressurized air 
source is set into operation. Then the sample-reagent 
mixture will be pneumatically forced out of the storage 
vessel 368 back into the sample tube 16. Such transfer of 
the sample-reagent mixture back and forth between 
sample tube 16 and storage vessel 368 may be repeated 
until the desired reaction between the sample and the 
reagent is completed. 
As required, means may be provided for heating and 

cooling the temporary storage vessel 368. Such means 
are intended for causing the reaction between sample 
and reagent to take place within the storage vessel 
under specified temperature conditions. 
The noted repeated transfer of the sample-reagent 

mixture between sample tube 16 and storage vessel 368 
serves the additional purpose of breaking up coherent 
cell aggregates that may be contained in the sample 
liquid. Such aggregates will separate into individual 
cells by being forced back and forth through the coarse 
mesh sample filter 396a, Cell aggregates will more 
readily break up into individual cells by vibrating the 
sample tube 48 and/or the coarse mesh sample filter 
396a at an ultrasonic frequency. 
As a possible alternative to the sample filter 396a, 

there may be employed a serial arrangement of two or 
more filters of different mesh sizes. For example, three 
filters that pass solids of up to one millimeter, 200 mi 
crometers, and 40 micrometers in size, respectively, 
may be serially provided in that order from the supply 
discharge nozzle 48 toward the three-way valve 394. 
Cell aggregates will then gradually break up into 
smaller masses and finally into individual cells without 
excessively clogging the filters. 

For backwashing the coarse mesh sample filter 396a, 
the supply-discharge nozzle 48 is raised to the upper 
most position Zo, FIG. 7, and so withdrawn from the 
sample tube 16, with the sample-reagent mixture held 
contained in the storage vessel 368. Then the sample 
carrier 14, FIG. 2, is revolved to the required angular 
position to bring its hole 42, FIG. 3, into register with 
the supply-discharge nozzle 48. 

FIG. 26 shows the supply-discharge nozzle 48 thus 
placed in open communication with an underlying dis 
charge pan 420 and thence with the waste reservoir 26 
by way of a conduit 422. Then the valves of the circuit 
363 is actuated to cause fluid flow along the path indi 
cated by the thick line in FIG. 26. The rotary selector 
valve 414 is positioned to communicate that one of the 
containers 20 which contains the rinsing liquid. Then 
the pressurized air source 364a is set into operation. 
Forced out of its container 20, the rinsing liquid will 
flow into the waste reservoir 26 through the rotary 
selector valve 141, on-off valve 416, conduit 48, three 
way valves 390 and 392, bypass conduit 380, three-way 
valve 394, coarse mesh sample filter 396a, supply-dis 
charge nozzle 48, and discharge pan 420. 
As has been stated, the pressure under which the 

coarse mesh sample filter 396a is backwashed as above 
is much higher than the pressure under which the sam 
ple-reagent mixture flowed through the filter from the 
sample tube 16 toward the storage vessel 368. The unde 
sired cell aggregates and other solids that have been 
captured by the coarse mesh sample filter 396a will be 
effectively liberated therefrom by the rinsing liquid and 



5,167,926 
13 

flow therewith into the waste reservoir 26. The supply 
discharge nozzle 48 will be rinsed at the same time. 
Then the hydropneumatic circuit 363 is conditioned 

as shown in FIG. 27, and the pressurized air source 364a 
is operated to return the sample-reagent mixture back 5 
into the sample tube 16 along the path indicated by the 
thick line in this diagram. 
Such return of the sample-reagent mixture into the 

sample tube 16 through the sample filter 396a may be 
undesirable in some instances because of the possible 10 
coagulation of the cells and the consequent clogging of 
the filter. In order to preclude this possibility, the tem 
porary storage vessel 368 is communicated with the 
supply-discharge nozzle 48 by an additional conduit, 
not shown, bypassing the three-way valve 394 and sam- 15 
ple filter 396a. An on-off valve, also not shown, may be 
provided on this additional bypass conduit for the on 
off control of direct communication between storage 
vessel 368 and supply-discharge nozzle 48. 
Then the hydropneumatic circuit 363 is conditioned 20 

as shown in FIG. 28. Then, after inserting the supply 
discharge nozzle 48 fully in the sample tube 16, the 
vacuum source 364b is set into operation. The vacuum 
source 364b will create a partial vacuum first in the 
waste reservoir 26 and then in the storage vessel 368, as 25 
indicated by the thick, solid line in FIG. 28. The sample 
reagent mixture will then be drawn by suction from 
sample tube 16 into storage vessel 368 along the path 
indicated by the thick, broken line in the same diagram. 
Further the liquid component of the sample-reagent 30 
mixture will be drawn from storage vessel 368 into 
waste reservoir 26 via the fine mesh sample filter 396b. 

Alternatively, the above discharge of the liquid com 
ponent of the sample-reagent mixture into the waste 
reservoir 26 may be performed immediately after the 35 
filter backwashing operation of FIG. 26, that is, while 
the sample-reagent mixture is still contained in the stor 
age vessel 368. The step of FIG. 27 will then be unnec 
essary. 
The sample-reagent mixture being drawn by suction 40 

from sample tube 16 into storage vessel 368 along the 
thick, broken line path of FIG. 28 as above may still 
contain cell aggregates. Such cell aggregates will be 
arrested by the coarse mesh sample filter 396a. The fine 
mesh sample filter 396a, on the other hand, will capture 45 
individual cells suitable for flow cytometry, permitting 
only the liquid component of the sample-reagent mix 
ture to flow therethrough toward the waste reservoir 
26. 
Then the circuit 363 is again conditioned as shown in 50 

FIG. 24, only with the rotary selector valve 414 reactu 
ated to communicate the next required reagent con 
tainer 20 with the conduit 418. Then the pressurized air 
source 364a is set into operation. The reagent from the 
selected reagent container 20 will flow through the path 55 
indicated by the thick line in this diagram and will be 
dropped into the sample tube from the supply-discharge 
nozzle 48. It will be seen that the fine mesh sample filter 
3.96b is backwashed by this reagent flow. The sample 
cells that have been caught by this filter 396b will there- 60 
fore be liberated therefrom and will flow with the rea 
gent back into the sample tube. The sample cells are 
returned to the sample tube through the aforesaid by 
pass conduit, not shown, if there is the danger of cell 
coagulation. The on-off valve 416 is closed to terminate 65 
the reagent flow from its container 20. 

Similar operations may be repeated until the full pre 
treatment of the sample cells is completed. Then, with 

14 
the circuit 363 conditioned as shown in FIG. 27, the 
pressurized air source 364a is operated to return the 
pretreated cells into the sample tube 16. The sample 
tubes containing the pretreated cells are then trans 
ferred to separate apparatus for flow cytometry, either 
manually or by automatic means. P 

In this embodiment, too, only one supply-discharge 
nozzle 48 may be provided for use with one or more 
sample tubes in the simplest form of this invention. 
However, as has been mentioned in connection with the 
first disclosed hydropneumatic circuit 63, the dropping 
of a reagent into successive sample tubes from one the 
same supply-discharge nozzle may be undesirable be 
cause of the differences in reaction time among the 
samples. There may therefore be provided as many 
supply-discharge nozzles 48, and as many temporary 
storage vessels 368 capable of communication one with 
each such nozzle, as there are sample tubes 16 to be 
processed simultaneously. All the samples within the 
sample tubes will then be treated concurrently. 
Not only reaction time but also reaction temperatures 

need strict control for cell pretreatment for flow cytol 
ogy. If only one supply-discharge nozzle is employed, 
temperature control may be made through a holder, not 
shown, of the sample tube. However, if a plurality of 
supply-discharge nozzles are employed, as many tempo 
rary storage vessels are required. The complete tempo 
rarily storage vessels may be housed in suitable constant 
temperature vessels in such cases. 

Also, in this embodiment, too, additional temporary 
storage vessels may be provided for temporarily storing 
desired amounts of some reagents that have been stored 
at reduced temperatures, before they are caused to flow 
from their low temperature containers to the supply-dis 
charge nozzle or nozzles. The reagents will warm up to 
a temperature suitable for reaction with the sample cells 
while being kept in such vessels. 

Additional modifications, alterations and adaptations 
of the present invention will suggest themselves to those 
skilled in the art without departing from the scope of 
the invention as expressed in the following claims. 
What is claimed is: 
1. An apparatus for treating cells preparatory to a 

cytological study, said apparatus comprising: 
(a) sample containers for containing a sample liquid 

containing cells to be treated; 
(b) reagent containers for containing one or more 

reagents to be added to the sample liquid; 
(c) a rinsing liquid container for container a rinsing 

liquid; 
(d) pneumatic energy source means for developing 

pneumatic energy; 
(e) a horizontal rotary sample carrier of a substan 

tially disk shape rotatable about a vertical axis, 
(f) a sample rack of a substantially arcuate elongated 

shape mounted on said sample carrier along a pe 
ripheral edge thereof, said sample rack being piv 
oted at two ends thereof to the sample carrier so as 
to be swingable radial outwardly of the sample 
carrier under centrifugal force when the carrier is 
rotated about said vertical axis, said sample rack 
having therealong a row of holes for receiving said 
sample containers; 

(g) drive means for imparting rotation about said 
vertical axis to the sample carrier to centrifuge the 
sample containers received in the holes of said 
sample rack; 
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(h) constant temperature vessels of substantially arcu 
ate elongated shape, said vessels having thermo 
static means for maintaining a constant desired 
temperature and being provided horizontally under 
said sample carrier, said vessels being disposed in 
series in annular arrangement below a peripheral 
edge of the sample carrier, each of said vessels 
being movable vertically relative to the sample 
carrier to a position in which the sample containers 10 
carried by the sample rack are inserted into one of 
the vessels for application of a desired temperature 
to the sample containers; 

(i) a row of reagent supply nozzles disposed above the 
sample carrier along a peripheral edge thereof for 
simultaneously dropping the reagents into the sam 
ple containers on the sample rack to form sample 
reagent mixtures in the sample containers; 

(j) a selector valve for selectively supplying the rea 
gents and the rinsing liquid from said reagent con 
tainers and said rinsing liquid container into the 
sample containers; 

(k) a supply-discharge nozzle capable of communica 
tion with said selector valve and the pneumatic 25 
energy source means and movable into and out of 
the sample containers for introducing any of the 
one or more reagents or the rinsing liquid into the 
sample containers, and for withdrawing the sam 
ple-reagent mixtures or the rinsing liquid from the 
sample containers, under the force of the pneu 
matic energy; 

(l) positioning means coupled to said sample carrier 
for angularly indexing the carrier about the vertical 
axis thereof so as to cause the sample containers on 
the sample rack to take positions in vertical align 
ment with said reagent supply nozzles, said supply 
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discharge nozzle and said constant-temperature 
vessels; 

(m) a temporary storage vessel capable of communi 
cation with the supply-discharge nozzle; and 

(n) valve means for controlling the communication of 
the supply-discharge nozzle with the selector valve 
and the pneumatic energy source means and the 
temporary storage vessel to intimately intermingle 
the sample liquid and the reagents by causing the 
flow of the sample-reagent mixtures back and forth 
between the sample containers and the temporary 
storage vessel, and to rinse the nozzle means and 
the temporary storage with the rinsing liquid. 

2. The cell treating apparatus of claim 1, wherein 
each of the sample containers has an open top, and 
wherein the supply-discharge nozzle has a flange 
formed thereon for hermetically closing the open top of 
one of the sample containers when fully inserted 
therein. 

3. The cell treating apparatus of claim 1, wherein the 
pneumatic energy source means comprises means for 
developing both positive and negative pneumatic pres 
SeS. 

4. The cell treating apparatus of claim 3, wherein the 
positive pneumatic pressure is greater in absolute value 
than the negative pneumatic pressure. 

5. The cell treating apparatus of claim 1, further com 
prising: 

(a) a first sample filter disposed between the tempo 
rary storage vessel and the supply-discharge nozzle 
for breaking up coherent cell aggregates into indi 
vidual cells; and 

(b) a second sample filter offinger mesh than the first 
sample filter, the second sample filter being dis 
posed between the temporary storage vessel and 
the pneumatic energy source means for arresting 
the individual cells. 
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